The far-i.r, and Raman spectra of a closely related group of pseudo-tetrahedral complexes of general formula [MX2EDM] are reported (M = Co n, Ni u, Ca n, znn; X = C1 or Br). EDM, ethylenedimorpholene, acts in these compounds as a bidentate nitrogen donor. The main skeletal vibrations are assigned under the approximate symmetry of the Czv (MX2Yz) point group.
inversely with the extent of species hydration. For aldehydes where gem-diol formation is extensive (i.e. chloral) the reaction mechanism includes the gem-diol species and is shown as Mechanism 1, Figure 3 .
It has already been shown with dissolved l'10-phenanthroline, that the decomposition of (FeO4) 2-proceeds via iron(IV) and iron(II)(5 ' 6).
With aldehydes where the extent of hydration is small (i.e. trimethylacetaldehyde) the dependency of the reaction mechanism on the H + concentration is large, see Mechanism 2, Figure 4 . In Mechanisms 1 and 2, the iron species is protonated on the oxygen atom.
In both mechanisms the iron(II) species is oxidized to iron(III) by molecular oxygen dissolved in solution. The iron(III) form will separate by forming a gel if no complexing agent (i.e. phosphate buffers) are present in solution. The equilibrium oxidation state of the iron in an oxygenated reaction solution is iron(III). The rate of separation of the FezO3 9 x HzO gel is dependent on electrolytes dissolved in solution, the amount of FeO4 z-initially present, and the suspended solids (z) .
Experimental

Synthesis of potassium ferrate
Iron(III) was oxidized by very alkaline NaOC1 to produce research grade KzFeO4 of 99% purity.
Instruments
Spectrophotometers used in this work included the Beckman 26 and Cary Model 14. Data was analyzed by Comell Algorithm on a Horizon Northstar Microcomputer, Quartz Transition Met. Chem. 11, 416-418 (1986) cells (10 cm length) in length were used in an incubated carriage.
Measurement of ferrate decomposition
Reagents (at least analytical grade) were correctly stored in glass containers. Dry solids were weighed on an analytical balance to parts per thousand and liquid vol. were measured by analytical pipettes or burettes. Reactions were monitored at 505 nm. Aldehyde concentrations were in great excess over concentrations of (FeO4) 2-in order to adhere to pseudo-first order conditions. Phosphate buffers were used at a concentration greater than 0.4 M in order to maintain constant pH during the course of reaction. The KzFeO4 concentration was 1.01 x 10 -4 molar. With distilled HzO as a blank, the experimental solution consisted of buffer and substrate (aldehyde) added to a preweighed mass of solid dry KzFeO4. Upon mixing, a strip chart recorder was started and absorbance was monitored as a function of time. For reaction times greater than 10 half-lives an equilibrium absorbance reading was taken and used in the Cornell method.
Introduction
Vibrational spectroscopy is a very useful tool for characterizing structural aspects of metal complexes if appropriate group frequencies are available for comparison. The main metal-to-ligand modes, which are generally in the far i.r. region, are particularly useful and can easily be observed with modem instrumentation. However, assignments in this region are often less reliable than those at higher wavelength because group frequencies overlap and shift more (a~. Thus a complete assignment of the vibrational bands in a complex is desirable. This information is quite easily obtained when the symmetry is high but is much more difficult when the symmetry is low and the ligands become more complicated. We report here firm assignments for the main skeletal vibrations in pseudo-tetrahedral complexes treated as having Czv symmetry (MXzYz) where X is halogen, and Y is a nitrogen of the bidentate ligand ethylenedimorpholene (EDM). Although the true symmetry is only Cz, the analysis is greatly aided in this case by having a more complicated ligand which forces four Coordinate 0340-4285/86/1111-0416502.50/0 9 VCH Verlagsgesellschaff mbH, D-6940 Weinheim, 1986
Transition Met. Chem. 11, 416-418 (1986) -N2  296  v3  Zn-C12  305  ~/3  Zn-Brz  209  v4  Zn-C12  100  v~  Zn-Br2  73  v9  Zn-CI2  333  v9 Zn-Br2 247 geometry in a series of cases: M = cobalt(II), nickel(II), copper(II) and zinc(II). The earliest extensive examination of vibrations in complexes of this type was due to Clark and Williams (2). In their classic paper they analyzed the spectra, mostly of pyridine derivatives of metal halides. However, instrument limitations at that time prevented them from going below 200 cm -1 and they were unable to make complete use of the assignments of Sabatini and Sacconi on tetrahalo-complexes (3) whose work extended to 70 cm -1. Nakamoto and coworkers (4) provided a more complete vibrational analysis for mixed complexes 64 [Zn(py)zX2] (py = pyridine) by using isotopically pure Zn, ~ and perdeuterio-pyridine. They also used both Raman and far-i.r, spectra for their analysis. Our investigation is in substantial agreement with this work, but provides results for more metals and extends the analysis to the experimentally important case of a bidentate amine-type ligand. This latter change results in at least one significant shift in stretching frequency.
Results and Discussion
Ethylenedimorpholene can be considered as a highly hindered N-substituted ethylenediamine. In its most stable conformation the morpholene rings offer nearly complete blocking to the cis positions of an octahedral complex once a metal ion is coordinated to the amine nitrogens. Thus as a ligand it is highly forcing towards pseudo-tetrahedral geometry, as we have shown in earlier work (5). Furthermore, we have demonstrated that a large group of complexes using different metals and various halide species are isomorphous to the solved crystal structure of [Co(EDM)C12] (~ Thus we are afforded the opportunity to study the vibrational spectra of a structurally known and closely similar group of complexes. EDM is very close in mass to two pyridines and may have similar M-N stretching frequencies.
We begin the analysis by treating the complexes as [MX2Y2]
units of C2v symmetry. The nine normal modes and their frequency assignments for this five-atom unit have been described by Herzberg (7) 
